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Patent fo r Ti»* Rin k and Track Resurfacing Device 

This patent is for a machine which resurfaces ice rinks and tracks (such as 
may be used in long and short track speed skating), after use, to re- 
establish a perfectly smooth ice surface. The principle is to melt the top 
layer of ice, pass the melt through a filter and deposit the melt behind the 

direction of travel; this then fills irregularities, resulting in a perfectly 
smooth ice surface after refreezing. The system is normally closed but can 

be converted to an open system by discarding the melt off ice and 
replacing with fresh water. Significantly the system allows for sections of 
the ice to be removed, providing space for insertion or removal of 
advertising under the ice; this area is then re-flooded and allowed to 
freeze, re-establishing a perfectly smooth and uninterrupted surface. The 
system is computer controlled and designed to be fully automatic, 

Summary 

Currently, most ice rinks and tracks are resurfaced by a machine first invented by Mr Zamboni some 60 
years ago. This vehicle scrapes a thin surface layer off the ice> stores the result in a bin and releases water 
from another tank onto the rink, behind the direction of travel. This floods the area behind the vehicle 
which then refreezes as a smooth surface. In practice, several runs of the Zamboni and similar machines 
are required to give a good surface. Also because the rink is resurfaced in strips* the possibility arises for 
the refreeze to occur at slightly different levels making for a surface which is not perfectly flat, also water 
can tun out of grooves in the ice, not completely filling than, resulting in only a partial repair of the 
surface. The rink is never resurfaced to the absolute edges of the rink requiring edging from time to time 
with another machine. 

In addition machines of this type require an operator with some skill, considerable servicing in terms of 
blade sharpness, emptying and ffllfng of bins and refuelling with potentially explosive gas should there be 
a leak. Considerable space must be provided to house the vehicle and allow access to the rhik. These 
machines are also quite noisy. 

These problems are addressed in a new concept in resurfacing using a. fully closed system. In this system 
the ice is first melted, fixe melt pumped though a filter and returned, clean, to the rink. Ideally links 
should have as good a quality water as possible for their surface, contaminants make the rink slower and 1 
this has implications, especially in speed skating. Good quality water, ideally distilled and/or deionised, 
is too expensive to throw away, hence the need for a closed system* Here good water is cleaned of dust 
particles and other debris carried onto the rink by users, passed through a filter and returned to the rink. 
Eventually tins surface ice will contain enough dissolved substances to warrant replacement This is 
easily achieved by diverting the melt to an office tank and discarded, perhaps every month on a heavily 
used rink, and replaced with fresh good quality water, 

This machine, which is in the nature of a boom stretching the width of the rink, is stored in the rink area, 
variously, depending on the model, so requiring no off ice storage space. It is relatively small in bulk, is 
unobtrusive and relatively silent in operation. 
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The ice is resurfaced to the very edges of the rink, me sujte ico is W^eomly melted a^p^ 
entire width of the rink, making for a perfect surface, both in terms of flatness and filling of surface 
amoves, after resurfacing. All surface particulate matter is removed to 5 microns in size. Gross 
materials, such as wrappers, are poshed to the end of die rink where they are removed manually, before 
the melt refreshes, nib however is usually not necessary. 




The principle; 
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A system of modular or continuous hotshoes axe arranged across the rink and are then moved down me 
rink by a boom which may be driven fiom above the rink, the sides of the rink, the end of the nnk or self 
driven from motors and its wheels on the boom itself. 

The hotshoes melts the ice to a depth more or less than 1 mm, this melt, which is potentially dirty is 
sucked off the rink by a dirt tolerant pump, passed through a filter and returned to die rink behind the 
boom- The entire width of the rink is resurfaced simultaneously so that all the defects arc filled entirely 
by the utelt, which on re-freering results in a perfect surface. 

A corollary to this is to progressively melt through a part of the rink by activating part of the row of 
modules and passing them backwards and forwards over a section of the ice, progressively melting 
through the ice until practically down to concrete. At this stage the ice is painted or a transfer or other 
advert or picture is laid in the hole and covered with die saved melt or fresh water to re-establish an even 
and flat rink. By this means adverts are easily placed or removed fiom an ice rink thus being able to be 
sold on both a short or a long term basis. 
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Detail 



Method 1 for resurfacing ice pads using a melting ctosgd system 
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In this scheme, the water is processed in die centre of the boom with one pump ond one filter, however 
the system must still be modular in terms of the heating eUesme&ts is sections of the rink are to be de-iced 
for the purpose of inserting advertising, logos or <be like. This system works well when drive for the 
boom is provided from the edges of the rink* It is necessary to have parking which is -suitable for the size 
of a central pump and filter, this will often mean considerable modification of the rink surrounds fin- 
existing rinks so better suits rinks purpose built, with this type of resurfacing in mind. 
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even if the surrounds to the risk 
are to be modified a more 
satisfactory solution would in 
most cases mean that each 
submodule shoujd be 
autonomous with its own filter 
and pump. This allows for 
considerable redundancy and 
easy replacement of a complete 
submodule should there be a 
pvwp or element failure. 

The rink bander at either one or 
both -ends would only require 
the kick boards to be raised and 
lowered to allow parking of the 
device before and after 
resurfacing. lathis 
configuration, the boom and 
modules will fit through a 
vertical gap of 200xw*- 
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The Boom: 



m the above model* the boom is merely a mechanical joining b ^ * nfi ^ 
bom^by^oteonous servo motors and attached to the hotshoe by free floating pms anowuigfoi 
vSS^yeSoTatiea^Snm (me depth of ice which may have to be removed in sections for 
aT^C^^Pl^). fiVtbismethod aUmodmes are pushed fb^^ 

rink. 

A single or multiple pumping devices and filters are assigned to each module (depending on whete 

a hTght rLtrlction for parking under the kick plate gap). Tnese filters and pumps can either be 
mounted on the hotshoe or on the boom above the submoduJe. 




Birds Eve Rink View 
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The Module: 
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Hbb a hotshoe in both directions of 
travel, this being necessary for a 
forward and backward motion 
over sections of the ice to 
successfully dig holes for adverts 
etc. Between these is an area 
where the melt is channelled to a 
central point and picked up by the 
pump/filter system, the clean melt 
being then returned to the rink in a 
norma] resurface, or taken office 
where holes aw being made for 
advertising etc. 
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Laterally the modules are simply butted 
against each other, the aligns exit being 
maintained by the floating boom peg$. 

The depth of resurfacing is governed by the 
available power and the speed of travel of 
the boom down the rink. Approximately 
one calorie per gram is required to raise the 
iee and the melt water one degree 
centigrade and 80 calories per gram to 
overcome the latent heat of melting. The 
melt should be heated to 15 degrees C so a 
proper bond is formed with the remaining 
ice {rather than a lamination); the surface 
ice will usually be between 4 aud 7 degrees 
C below freezing before resurfacing, thus 
the heat requirement for each gram of ice win be 80 + about 20 calories or 100 calories in total. 

To resurface the top 1,00mm of an Olympic rink requires the melting of 1 cu xnetres of ice producing 
1,800 litres of water requiring 1.8 xlCr calories or 7.5 x 10 s joules of energy. If the resurfacing is to be 
completed in one hour then 200 kw of electrical power must be available. This represents a very deep 
resurface which maybe resorted to on very damaged or polluted ice, from time to time, at the end of the 
day. This represents 200 units (kw/hr) of electrical power which may cost £20 where electricity is 
expensive. 

A normal resurface only needs to produce 1/10 of this in melt or 180 L, as it is only necessary to fill the 
defects and produce an even wetting of the surface which is aided by a little surfactant in the melt to 
reduce the surface tension effects around defects. The original surface does require being perfectly flat 
which may take a deop resurface to achieve initially. 

Thus an average resurface on an available electrical supply of 200 kw will take about 6 minutes and cost 
about £2. This overhead is considerably less than the overheads required to mn a Zamboni type machine. 

Often ice rinks have a high voltage electrical supply which usually means that up to a megawatt of power 
is available, 800 kw could easily be applied by this device, so potentially a normal resurface could be 
achieved in 1 -5 minutes or a deep resurface in 15 minutes with various depths of resurface between. 

Lflgfag advertising in the i^i 

This is a very important source of revenue 
for many rinks, where potentially 
advertising can be sold on a weekly, 
monthly, seasonal or annual basis. For 
short periods it is essential thai the adverts 
can be placed simply and quickly. Hub is 
quite difficult for a Zamboni machine but 
simple for this type if machine. The ice 
can be melted to desired depth with a 
backwards and forward motion controlled 
by die software. 
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Getting power to the modules: 




ggStf drive and 
power take off 
{Buzz Bar) 
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Different methods must be 
used to supply power to the 
heating dements as well as 
the pumps, servo motors and 
other electronics, depending 
on how the machine is stored. 
This may he at the end of the 
link, behind the kickboard 
where rink modification is 
possible or in the case of new 
rinks. Existing rinks where it 
would be difficult to modify 
the rink surround would use 
the roof space for storage of a 
somewhat different system. 

Where possible trailing cable 
is to be avoided, so where a 
boom is driven fr om the sides 
of die rink a buzz bar similar 
to the one shown above, would travel the length of the rink behind the kick boards. Power is taken from 
the baft by slides and distributed via the boom to the various modules. 

hi flic case where no modifications can be made to the existing rink, the machine would be stored in the 
roof space, a$ described in the next section, and power would be fed from the roof space. Again abuzz 
bar system is the most elegant, where one or more vertical cables follow the machine down the ice, 
deriving power from buzz bars in the ceiling space. 

Often rinks have obstruction to the clear passage of a cable down the rink such as wires across the ririk to 
support nets and the suchlike. Here the cable must descend with the machine and trail behind it on the 
ice; the following scheme is appropriate. 

The servo motor is synchronised with 
the boom motors so that cable is paid 
out appropriately as the boom moves 
down the rink. 




a phase supply and 



Top view 



Screw or 
Rack and Pinion 
drive 




If the boom and modules are to be 
lifted into the roof space* then a lifting 
able will be combined with the 
electrical cable. The most convenient 
»gg89 system will usually have two of these 
pulley system, one for each side of the 
boom, this way the electrical supply is 
split between two cables, each being 
more flexible than a single supply 
cable, being particularly important 
should very high powers be used. 



▼ To resurfacing machine on lea 
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Often it i5 not an option to modify the existing rink; in this case the resurfacing machine should be self 

propelling and self aligning. 

System where no rink modification required 
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In addition the curved comers 
of the rink must be catered for 
in a fully automatic fashion. 




This is done, 8B showrj, using 
a two booms within a boom. 
The outer booms are driven 
by a central linear drive 
against the barrier walls, 
moving out as the boom 
System moves away from an 
end barrier and moving in as 
approaching an end barrier. 

The outer booms may be 
behind or in front of the 
central boom as well as 
within it They must be 
independently driven at their 
periphery otherwise the 

leverage on die central boom would be too large; the boom system is kept in horizontal alignment by 
lasers feeding back to the motor control system. 

The boom system itself is 
horizontally aligned with the 
ends of the rink with another 
laser ranging system feeding 
back to the drive motor 
control system. 

Shown are two motors in 
each drive position. Infect 
one drive motor would drive 
two ice wheels. These being 
specially designed to grip ice 
in the backward and forward 
direction but slide freely in 
the sideways direction. 
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The Heating element and filter system 




In concept, the ice must be melted by the application of power through an electrical heating element, after 
which the melt is removed by a pump and passed though a filter and re- deposited on the rink behind the 

advancing resurfacing 
machine. Finally the melt is 
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pushed up into a layer 
approximately one or two 
millimetres thick by a trailing 
barrier which allows for 
complete filling of the 
defects in the ice, prior to 
refreezing- By using this 
technique the amount of ice 
required to be melted is 
reduced to a minimum- 

A method for gathering the 
melt prior to filtration has 
already been described. A 
different layout is here 
described which allows for 
the melt to be extracted in the 
same gross space as occupied 
by the element The partial vacuum produced by the pump holds the hotshoe firmly in contact with fhe 
ice. The melt pump may be of several types, some pumps such as vane and piston pumps are usually not 
tolerant of particulate matter and require pre-filtration, whereas peristaltic pumps are very tolerant of 
particulate matter and do not require pre-filtration. In any event the pumps must be self priming and 
happy to run without continuous water flow. 

Filtration is required to clean die rink surface, 
typically rinks are resurfaced four times a day 
but may be up to twice this. At the end of the 
days activities, the final resurface should be slow 
and deep, up to 1mm in depth, with plenty of 
time forre-freezrng overnight This ensure* a 
perfect surface for the start of the next day, All 
dirt particles above 5 microns in size should be 
removed. Gross objects, such as sweets, are 
pushed to die end of fhe rink by the machine and 
are easily removed manually. 

Shown is the top side of the aluminium hot shoe, 
heating elements are bedded in slots with 50 
micron copper powder. Under the shoe slots are 
cut to collect and remove the melt The nipples 
shown ere connected to a manifold which leads 
to the pump which forces the molt through a 
filter and back to the rink through a slot in the 
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Hailing edge of the hot shoe. The vertical pins, shown, pass through matching holes in the boom; this 
method of connection allows each module to find its own level, necessary formatting deep holes for 
adverts. 

Trailing the hotsboe is a melt spreader, no more than two 
mm high, this device builds a depth of melt in front of it, 
breaking the surface tension effect of ice defects and 
allowing their complete filling by the cleaned melt. If it 
were not for this device far more ice would have to be 
melted to create a continuous lake from edge to edge of 
the rink - necessary for a perfect surface following 
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The Triple Boom 

Previously briefly described, a central boom is attached through a linear drive to two lateral booms, a$ the 
boom moves away from the end of the rink the two lateral booms are forced outwards so the ends of these 
booms maintain contact with the kick plates on the barriers. 

If the boom together with its hot shoe modules is to be stored behind the kick plates across the whole 
width of the rink, then it can be a single boom although it may be made of several sections for 
convenience. This however has a downside; all rinks have curved comers, which means considerable 
work in the corn ers of the rink as the space behind the comer tricfcboaid is large to accommodate a single 
piece boora together with its drive system. 

It will usually be fer better to provide parking accommodation only behind the straight centre section at 
one end of the rink, which means the space required is only the width of the machine, approximately 
SOOnrm. Also if the machine is to be stored in the roof space, where no rink modification is necessary, 
then again the tripleboom is required to get into the comers and so cover the entire surfece of the ice to 



The boom can be of several configurations depending on what 
type of linear drive is used, the peripheral booms can be 
enclosed within die central boom or adjacent to it or separated 
from H by a centre section which carries all the electronics. 

As previously noted alignment of the centre Bection with the 
lateral sections and alignment of die whole boom with title rink 
is done in real time with lasers, this being necessary because 
of the possibility of slippage of the wheels on the ice. 
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Generally it will be convenient to have the hot shoe carrying only the heating elcmeats, and the booms 
carrying the filters and pumps (one or more to each heating module). The central boom will also oany 
the motor amplifiers, controllers and PLC, together with the lasers, making for a fully automatic system. 

The drawing on the left illustrates one side of the 
boom assembly showing the linear drive 
extending the lateral boom. 

Below is shown the type of alwnixmnn extrusion 
Tie&e&sary for the boom structure 





The centre section of the middle boom contains the 
linear drive mechanism which may be a ball and 
screw arrangement as shown below. It is important 
for stability that the drive rods travel the full length of 
boom when the lateral booms are retracted so half on 
them remains within the boom when fully extended. 




Different types of linear drive are 
available to handle this task, a rack and 
pinion typo of drive would also be 
suitable. 



The Software 

As this entire system is designed to be 
fully automatic the sequence of events 
and control of the various motors, pumps 
and heating elements together with 
integration of locating micro switches 
and laser positioning devices Mid to a 
programmable logic controller (PLC). 

The softwaledro carries out several safety functions, if torque loadings on motors goes too high then the 
entire system is switched off; if the system goes out of alignment, then similarly it is switched off and 
manually recovered. If the system is not properly locked in place at its parking destination a warning will 
sound and be displayed. In principle lasers are responsible for alignment, micro switches and motor 
torque levels make sure the booms are fully extended to the rink barriers and motor tpm govern flie speed 
of movement. 
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